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Preoperative functional status predicts
perioperative outcomes after infrainguinal
bypass surgery
Robert S. Crawford, MD,a Richard P. Cambria, MD,a Christopher J. Abularrage, MD,a
Mark F. Conrad, MD,a Robert T. Lancaster, MD,b Michael T. Watkins, MD,a and
Glenn M. LaMuraglia, MD,a Boston, Mass
Objective: Infrainguinal surgical bypass (BPG) is a durable method for lower extremity revascularization, but is
accompanied by significant 30-day morbidity and mortality (MM). The goal of this study is to relate preoperative
functional status, a defined metric in the National Surgical Quality Improvement Program (NSQIP) database, to
perioperative MM.
Methods: Between January 1, 2005 and December 31, 2007, all patients who underwent BPG from the NSQIP private sector
database were reviewed. The primary end-point was 30-day MM. Patients were stratified by preoperative functional status:
independent (IND) vs dependent (DEP). Associated patient demographic/clinical data were analyzed using univariate and
multivariate methods. Composite odds ratios were constructed with clusters of high-risk comorbidities.
Results: There were 5639 BPG patients (4600 [81.6%] IND and 1039 [18.4%]) DEP. DEP patients were significantly
older (71.6  11.8 vs 66.8  11.8 years; P < .0001), had more chronic obstructive pulmonary disease (COPD) (16.7%
vs 11.4%; P< .0001), diabetes (54.2% vs 40.7%; P< .0001), dialysis dependence (16.4% vs 5.6%; P< .0001), and critical
limb ischemia (64.6% vs 44.0%; P< .0001). DEP patients had a higher incidence of death (6.1% vs 1.5%; P< .0001) and
major complications (30.3% vs 14.2%; P< .0001). DEP was an independent predictor of major complications (odds ratio
[OR]: 2.0; 95% confidence interval [CI]: [1.7-2.4]; P< .0001) major systemic complications (2.5 [1.9-3.2]; P< .0001),
major operative site complications (1.6 [1.4-1.9]; P < .0001) and death (2.3[1.6-3.4]; P < .0001). The combination of
DEP with emergency surgery, Cr> 1.8, or rest pain increased the odds of major complications by five, seven, or 11-fold,
respectively. The combination of DEP with hemodialysis, emergency surgery, or age >80 years increased the odds of
death by 13, 38, or 87-fold, respectively.
Conclusion: Preoperative DEP is significantly correlated with all adverse 30-day outcomes in BPG patients. Furthermore,
when combined in high-risk composites with specific preoperative clinical variables, DEP is associated with prohibitive
MM, thereby identifying patient cohorts that may be unsuitable for BPG. (J Vasc Surg 2010;51:351-9.)Peripheral arterial disease (PAD) affects at least 10
million Americans.1,2 With the increasing population of
older Americans, PAD will further place a strain on health
care resources. Behavior modification, medical therapy,
exercise regimens, endovascular therapy, and open surgery
all play a role in PADmanagement. Many factors including
anatomic disease extent and clinical presentation, resource
availability, operator expertise, patient preference, and co-
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Although endovascular solutions have provided viable
alternatives to bypass graft (BPG) in many patients with
PAD,4-6 patients still require surgical lower extremity
BPG.6,7 Up to this point, prospective studies have perhaps
surprisingly not shown that angioplasty is the preferred
method of revascularization.8 A previous report from our
group has defined the significant morbidity and mortality
associations with contemporary BPG.9 Considerations to
provide alternative therapies to patients identified as being
at high risk for periprocedural complications (ie, percuta-
neous endovascular treatment, conservative management,
or primary amputation), although attractive, should be
tempered by the reality that these procedures have not been
shown to have superior patient outcomes. In fact, one can
argue that for certain patients with critical limb ischemia,
bypass surgery remains the most appropriate management
option.
In an era of strained health care resources,10 the ability to
accurately identify patient cohorts at increased risk for compli-
cations after BPG is of paramount importance. From a purely
economic point of view, major surgical complications are
associated with a significant increase in cost even after adjust-
ing for differences in patient characteristics.11 From a thera-
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“high risk” for substantial morbidity and mortality (MM)
after BPG would considerably aid decision making.
Finally, given the evident limitations on life expectancy
imposed by, in particular, critical limb ischemia (CLI),12
minimizing complications and patient recovery after inter-
vention for PAD is of paramount importance.
Various reports have documented low perioperative
morbidity, mortality, and good BPG patency outcomes for
various groups of patients considered “high risk” for BPG
such as the elderly,13 patients with renal insufficiency,14
diabetes,7 and other preoperative predictors of poor oper-
ative outcome;15 however, quantitative stratification of
MM for patients with a combination of these predictors has
not been done. Stratification of patients based on prepro-
cedural functional status has been previously described in
elderly patients (80 years old) as an accurate predictor of
postoperative functional outcomes.16 The purpose of our
study is to quantify the predictive ability of a preoperative
determination of functional status as a sensitive predictor of
postoperative morbidity andmortality in a large population
of patients undergoing infrainguinal BPG from the Na-
tional Surgical Quality Improvement Program (NSQIP).
Furthermore, preoperative functional status was then com-
bined with other clinical variables known to be associated
with increased perioperative MM to provide additional
information for risk stratification of patients undergoing
BPG.
METHODS
The private sector NSQIP is a validated,17 indepen-
dently adjudicated, prospective database of a systematic
sample of cases which provides detailed patient demo-
graphics, procedural data, and information regarding 30-
day mortality and major and minor morbidity. Utilizing
procedure CPT codes for infrainguinal BPG, all data from
patients between January 1, 2005 and December 31, 2007
were retrieved from the NSQIP database. Preoperative
patient characteristics, clinical risk factors, and postopera-
tive outcomes up to 30 days are collected prospectively
from private and academic medical centers at each hospital
by a risk-assessment nurse. Definitions for variables col-
lected in the NSQIP database have been described in
previous reports.18 Patient demographics and clinical co-
morbid conditions were obtained for each of the patients
and were catalogued as previously described.17 All nominal
variables were extracted directly from the NSQIP database
except for race (Black andHispanic patients were compared
vs Caucasian patients), American Society Anesthesiology
(ASA) category (ASA category 4/5 was compared vs
ASA category 1/2/3), and dependent status (see next
paragraph). Continuous variables used in our final anal-
ysis were dichotomized into clinically relevant categories
(creatinine: Cr  1.8; Age: age  80 years old; body
mass index: BMI  35).
Patients were stratified by preoperative functional sta-
tus: independent (IND) vs dependent (DEP). This deter-
mination was performed at the time the patient was beingconsidered as a candidate for surgery (no longer than 30
days prior to surgery). IND was defined as a patient who
does not require assistance from another person for activi-
ties of daily living. This includes a person who is able to
function independently with prosthetics, equipments, or
devices. DEP is defined as someone who requires some
(partially dependent) or total (totally dependent) assistance
from another person for activities of daily living. This data
was taken directly from the NSQIP database. The primary
study end-point was 30-day MM. This included minor
complications, operative site complications, major systemic
complications, major complications, and death. Major sys-
temic complications were limited to ventilator requirement
for 48 hours, unplanned intubations, pneumonia, acute
renal failure (dialysis requirement in a patient not requiring
dialysis preoperatively), pulmonary embolism, stroke, coma
24 hours, cardiac arrest, andmyocardial infarction.Major
operative site complications included wound dehiscence,
organ space infection (ie, abscess), deep wound infection,
sepsis, bleeding requiring transfusion, and graft thrombo-
sis. Overall major complications were a combination of
major systemic and major operative site complications.
Minor complications included superficial wound infec-
tions, urinary tract infections, deep venous thrombosis or
thrombophlebitis, and peripheral nerve injuries.
Statistical analysis. Baseline characteristics were com-
pared across groups using 2, Fisher exact test, and t tests
where appropriate. Multivariate analysis was performed
using stepwise logistic regression and included univariate
associations with a P  .05 of nonconfounding variables.
Those variables with P value .0005 from the logistic
regression were then selected for inclusion in clusters to
determine the effect of various combinations of comorbidi-
ties on short-term outcomes. For each possible combina-
tion of comorbidities, we used the individual regression
parameter estimates to obtain a composite odds ratio that
integrates the effects of each comorbidity in a cluster.19 All
statistical calculations were performed with Statview 5.0.1
software.
RESULTS
As detailed in Table I, functionally dependent patients
were older (71.6 vs 67.5 years), had more congestive heart
failure (7.9% vs 1.8%), a higher incidence of myocardial
infarction in the prior 6months (5.9% vs 1.4%), CLI (64.6%
vs 44.0%), dialysis dependency (16.4% vs 5.6%) and were
more likely to be categorized as either an ASA IV/V prior
to the operation (33.1% vs 14.2%). Patients with DEP prior
to their operation had an increased incidence of all study
end-points. Death occurred in 6.1% of DEP, vs 1.5% of
IND (P .0001; Table II). Patients with DEP also had an
increased incidence of major complications, major systemic
complications, major operative site complications, and mi-
nor complications. By multivariate regression analysis for
death in patients undergoing BPG, DEP increases the odds
of death by greater than twofold as does a variety of other
clinical variables (Table III). Dialysis was themost powerful
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crease compared with patients not on dialysis.
Table IV shows the results of multivariate regression
analysis for major complications, major systemic complica-
tions, operative site, and minor complications for patients
undergoing BPG. DEP was a significant predictor of all
Table I. Demographic and clinical variables for
functionally independent vs dependent patients
Demographics
Independent
n  4600
(81.6%)
Dependent
n  1039
(18.4%) P value
Gender: male 67.5% (3107) 59.0% (613) .0001
Age (years) 66.8  11.8 71.6  11.8 .0001
BMI kg/m2 27.8  6.3 26.5  6.3 .0001
Respiratory
Ventilator dependent 0.04% (2) 1.8% (19) .0001
Smoke 42.5% (1957) 29.1% (302) .0001
COPD 11.4% (526) 16.7% (174) .0001
Dyspnea 18.0% (824) 24.1% (250) .0001
Cardiovascular
Congestive heart
failure 1.8% (85) 7.9% (82) .0001
Myocardial infarction 1.4% (66) 5.9% (61) .0001
Previous coronary
intervention 18.0% (829) 18.1% (188) 1.0
Hypertension
medication 82.9% (3813) 87.1% (905) .0009
Critical limb
ischemia 44.0% (2022) 64.6% (671) .0001
Renal/metabolic
Diabetes 40.7% (1872) 54.2% (563) .0001
Dialysis 5.6% (258) 16.4% (170) .0001
Creatinine  1.8 12.6% (555) 24.4% (249) .0001
Neurologic
Impaired sensorium 0.7% (34) 4.2% (44) .0001
Hemiplegia 1.7% (78) 6.4% (67) .0001
TIA 6.3% (290) 7.5% (78) .16
CVA with deficit 5.7% (261) 13.7% (142) .0001
Preoperative
ASA category 4/5 14.2% (655) 33.1% (344) .0001
Race
White 71.8% (3304) 66.9% (695) .0001
Black/Hispanic 20.0% (872) 24.6% (256) .0001
BMI, Body mass index; COPD, chronic obstructive pulmonary disease.
Table II. Incidence of primary end-points in functionally
dependent vs independent patients undergoing lower
extremity revascularization procedures
Outcomes
Independent
n  4600
(81.6%)
Dependent
n  1039
(18.4%) P value
Death 1.5% (68) 6.1% (63) .0001
Major complications 14.2% (654) 30.3% (315) .0001
Major systemic
complications 3.7% (170) 13.0% (135) .0001
Major operative site
complications 12.0% (553) 21.2% (220) .0001
Minor complications 10.0% (458) 73.3% (762) .0001complication categories with odds ratios ranging from 1.6to 2.5. Emergency surgery was a significant predictor of
major systemic and operative site complications, while pa-
tients at high risk for surgery per ASA classification (Class
IV/V), high baseline creatinine, or previous ventilator de-
pendency were the strongest predictors for major systemic
complications. Tibial outflow was a significant predictor of
major operative site complications. Table V shows the
“high-risk composite” analysis for predictors of death after
lower extremity bypass operations. Combined with depen-
dent status, dialysis dependency predicted the highest odds
of death (13-fold). The addition of rest pain to the
preceding combination increased the odds of death from
BPG 28-fold. Finally, patients with DEP who are hemo-
dialysis dependent, 80 years old, and present with rest
pain as an emergency had greater than 200-fold increased
odds of death after BPG.
The results of high-risk composite calculations for ma-
jor complications (Table VI), major systemic complications
(Table VII), major operative site complications, and minor
Table III. Multivariate regression analysis of death in
patients undergoing lower extremity revascularizations
Death OR 95% CI P value
Dependent functional status 2.3 1.6-3.4 .0001
Age  80 years 2.6 1.8-3.8 .0001
Critical limb ischemia 2.1 1.4-3.2 .0001
Dialysis 5.7 3.8-8.5 .0001
Emergency surgery 2.9 1.7-4.8 .0001
OR, Odds ratio; CI, confidence interval.
Table IV. Multivariate regression analysis of major and
minor complications in patients undergoing lower
extremity revascularizations
End-points OR 95% CI P value
Major complications
Dependent functional status 2.0 1.7-2.4 .0001
Critical limb ischemia 1.5 1.3-1.7 .0001
Emergency surgery 2.5 1.9-3.2 .0001
ASA 4/5 1.4 1.2-1.7 .0001
Creatinine  1.8 1.5 1.2-1.7 .0001
Major systemic complications
Dependent functional status 2.5 1.9-3.2 .0001
Age  80 years 1.7 1.3-2.2 .0003
Ventilator dependency 7.2 2.6-19.8 .0001
Emergency surgery 2.3 1.6-3.3 .0001
ASA 4/5 2.1 1.6-2.7 .0001
Creatinine  1.8 2.0 1.5-2.7 .0001
Major operative site complications
Dependent functional status 1.6 1.4-1.9 .0001
Tibial outflow 1.6 1.4-1.9 .0001
Critical limb ischemia 1.5 1.3-1.7 .0001
Emergency surgery 2.1 1.6-2.8 .0001
Minor complications
Dependent functional status 1.7 1.4-2.0 .0001
Gender: female 1.4 1.2-1.7 .0001
BMI  35 1.8 1.4-2.2 .0001
OR, Odds ratio; CI, confidence interval; BMI, body mass index.complications (Table VIII) for patients undergoing lower
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line creatinine, high operative risk (ASA IV/V), and emer-
gent presentation increased the odds of major complica-
tions greater than 10-fold. If the patient presents with
critical limb ischemia, the odds increases by greater than
15-fold above baseline. Operative site complications are
increased greater than fivefold in patients with DEP pre-
senting with critical limb ischemia as an emergency, or if
alternatively their outflow was to a tibial vessel. Minor
complications were increased greater than fourfold in DEP
females with a BMI  35. Ventilator dependency prior to
operation strongly influenced the incidence of major sys-
temic complications. Combined with DEP, major systemic
Table V. Results of combined odds ratios for death for
patients undergoing lower extremity bypass operations
Death
Risk factor combination (n) OR 95% CI
Dependent functional status (Dep) (1039) 2.3 1.6-3.4
Dep  critical limb ischemia (CLI) (671) 4.9 2.9-8.5
Dep  emergency surgery (ER) (115) 6.6 3.5-12.5
Dep  age 80 years (AGE) (316) 6.0 3.5-10.2
Dep  dialysis dependent (HD) (170) 13.2 7.7-22.8
Dep  CLI  ER (61) 14.1 6.7-29.8
Dep  CLI  AGE (190) 12.7 6.5-24.8
Dep  CLI  HD (123) 28.2 14.4-55.5
Dep  ER  AGE (27) 17.0 8.1-35.8
Dep  ER  HD (19) 37.8 17.9-80.0
Dep  AGE  HD (36) 34.0 17.4-66.5
Dep  CLI  ER  AGE (10) 36.3 15.6-84.3
Dep  CLI  ER  HD (11) 80.7 34.6-188.2
Dep  CLI  AGE  HD (19) 72.6 33.3-158.1
Dep  ER  AGE  HD (6) 97.2 41.8-225.9
Dep  CLI  ER  AGE  HD (1) 207.5 81.8-526.6
OR, Odds ratio; CI, confidence interval.
Table VI. Results of combined odds ratios for major
complications for patients undergoing lower extremity
bypass operations
Major complication
Risk factor combination (n) OR 95% CI
Dependent functional status (Dep) (1039) 2.0 1.7-2.4
Dep  critical limb ischemia (CLI) (671) 3.1 2.4-3.8
Dep  emergency surgery (ER) (115) 5.1 3.8-6.9
Dep  ASA 4/5 (ASA) (344) 2.9 2.2-3.7
Dep  Cr 1.8 (Cr) (249) 3.0 2.3-3.8
Dep  CLI  ER (61) 7.6 5.5-10.7
Dep  CLI  ASA (238) 4.3 3.2-5.7
Dep  CLI  Cr (173) 4.4 3.3-5.9
Dep  ER  ASA (48) 7.1 5.1-10.3
Dep  ER  Cr (34) 7.4 5.2-10.6
Dep  ASA  Cr (126) 4.2 3.1-5.7
Dep  CLI  ER  ASA (23) 10.8 7.4-15.8
Dep  CLI  ER  Cr (19) 11.1 5.5-10.7
Dep  CLI  ASA  Cr (94) 6.2 4.4-8.8
Dep  ER  ASA  Cr (23) 10.5 7.0-15.6
Dep  CLI  ER  ASA  Cr (13) 15.6 10.2-24.0
OR, Odds ratio; CI, confidence interval.complications are increased greater than 18-fold. The suc-cessive addition of emergency status, high baseline creati-
nine and age  80 increased the odds of major systemic
complications greater than 40-fold, greater than 76-fold,
and greater than 138-fold, respectively.
DISCUSSION
Our results show the presence of total or partial preop-
erative dependent functional status is a sensitive predictor
for all major negative 30-day outcomes in patients under-
going lower extremity bypass operations. Furthermore,
when combined in high-risk composites with specific pre-
operative clinical variables, dependent functional status can
be associated with prohibitive morbidity and mortality.
Until recently, therapies for patients presenting with
critical limb ischemia and disabling claudication were lim-
ited to distal revascularization, exercise regimens with or
without pharmacological therapy, conservative wound
management, and primary amputation when appropriate.
Because of the limited therapeutic options, clinical research
focused primarily on patency and outcomes. The coming of
Table VII. Results of combined odds ratios for major
systemic complications for patients undergoing lower
extremity bypass operations
Major systemic complication
Risk factor combination (n) OR 95% CI
Dependent functional status (Dep) (1039) 2.5 1.9-3.2
Dep  ventilator dependence (VENT) (19) 18.0 6.3-51
Dep  emergency surgery (ER) (115) 5.7 3.6-9.0
Dep  ASA 4/5 (ASA) (344) 5.2 3.6-7.6
Dep  creatinine 1.8 (Cr) (249) 5.0 3.4-7.4
Dep  AGE  80 years (AGE) (316) 4.1 2.8-6.0
Dep  VENT  ER (14) 41.1 13.6-124.7
Dep  VENT  ASA (13) 37.8 12.9-110.8
Dep  VENT  Cr (7) 36.3 12.3-106.7
Dep  VENT  AGE (5) 29.8 10.1-87.6
Dep  ER  ASA (48) 12.0 7.1-20.4
Dep  ER  Cr (34) 11.5 6.7-19.7
Dep  ER  AGE (27) 9.5 5.5-16.2
Dep  ASA  Cr (126) 10.6 6.6-16.9
Dep  ASA  AGE (101) 8.7 5.5-13.8
Dep  Cr  AGE (65) 8.3 5.2-13.4
Dep  VENT  ER  ASA (11) 86.6 27.7-270.9
Dep  VENT  ER  Cr (6) 83.1 26.5-260.7
Dep  VENT  ER  AGE (4) 68.3 21.7-214.1
Dep  VENT  ASA  Cr (7) 76.3 25.1-231.9
Dep  VENT  ASA  AGE (4) 62.7 20.7-190.5
Dep  VENT  Cr  AGE (2) 60.2 19.8-183.4
Dep  ER  ASA  Cr (23) 24.2 13.3-44.4
Dep  ER  ASA  AGE (14) 19.9 11.0-36.2
Dep  ER  Cr  AGE (11) 19.1 10.5-35.0
Dep  ASA  Cr  AGE (30) 17.6 10.2-30.2
Dep  VENT  ER  ASA  Cr (6) 174.9 54.1-565.7
Dep  VENT  ER  ASA  AGE (4) 143.7 44.5-464.6
Dep  VENT  ER  Cr  AGE (2) 138.0 42.6-447.1
Dep  VENT  ASA  Cr  AGE (2) 126.8 40.3-398.2
Dep  ER  ASA  Cr  AGE (9) 40.3 20.8-77.8
Dep  VENT  ER  ASA  Cr 
AGE (2) 290.6 87.0-969.4
OR, Odds ratio; CI, confidence interval.age of endovascular therapies for the treatment of lower
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vided an effective substitute therapy to traditional open
surgery.4-6,20 While the long-term patency of lower ex-
tremity endovascular revascularizations may not rival that
of traditional open surgery, perioperative outcomes, in-
cluding death, major, and operative site complications are
generally reduced with this less invasive approach.4,20 Re-
sults from the multicenter, randomized bypass vs angio-
plasty in severe ischemia of the leg (BASIL) trial showed at
1 year that in patients presenting with severe limb ischemia
who are suitable for both bypass and angioplasty, major
outcomes are similar and surgery more expensive than
angioplasty.8 Because of this, a renewed focus to improve
our ability to identify those patients at increased risk for
perioperative death and complications is warranted.
It is known that infrainguinal bypass operations are
accompanied by significant morbidity and mortality.7 In a
prior report of 2404 patients from the NSQIP database, we
demonstrated an overall mortality of 2.7%. Major compli-
cations occurred in 18.7% and major systemic complica-
tions in 5.9% of patients. Major operative site complications
occurred in 15.1% of patients. Final analysis revealed that
the combination of dialysis and age80 years was the most
powerful high-risk composite for both death (13.3-fold)
and major complications (2.2-fold).9 This mortality and
complication rate is in the range of other NSQIP21 and
large non-NSQIP reports22,23 of lower extremity revascu-
larization.
A number of stratification systems have been used to
preoperatively evaluate potential morbidity and mortality
in surgical patients,24-26 although not specific to vascular
surgical patients. Recently, a variation of the ASA’s Physical
Status Classification was used to risk stratify patients under-
going leg revascularization for disabling claudication or
Table VIII. Results of combined odds ratios for major
operative site and minor complications for patients
undergoing lower extremity bypass operations
Operative site complication
Risk factor combination (n) OR 95% CI
Dependent (Dep) (1039) 1.6 1.4-1.9
Dep  critical limb ischemia (CLI) (671) 2.4 1.9-3.1
Dep  tibial outflow (TIB) (541) 2.6 2.1-3.3
Dep  emergency surgery (ER) (115) 3.4 2.5-4.7
Dep  CLI  TIB (373) 3.9 2.9-5.1
Dep  CLI  ER (61) 5.1 3.5-7.3
Dep  TIB  ER (51) 5.5 3.8-7.9
Dep  CLI  TIB  ER (30) 8.1 5.5-12.1
Minor complication
Risk factor combination (n) OR 95% CI
Dependent (Dep) (1039) 1.7 1.4-2.0
Dep  female (FEM) (426) 2.3 1.8-3.1
Dep  BMI 35 (BMI) (98) 2.9 2.2-4.0
Dep  FEM  BMI (56) 4.1 2.9-5.9
OR, Odds ratio; CI, confidence interval; BMI, body mass index.critical limb ischemia. This report by Dosluoglu and col-leagues, separated patients classified as ASA III (moderately
severe systemic disorder) into two categories based on their
ability to perform less than four metabolic exercise equiva-
lents (METS).Multivariate analysis showed that being ASA
IIIA (4 METS) or IIIB (4 METS) was an independent
predictor of survival for this cohort. These finding are
limited by several factors. First, findings are confined to
patients placed in ASA category III. Second, the predictive
abilities of ASA classification were limited tomortality, with
no further ability as a predictor of complications. Finally,
although widely used, ASA categorization can be per-
formed inconsistently and inaccurately, a problem that
could be improved by the inclusion of preoperative risk
factors commonly recorded in the current NSQIP database
into preoperative risk assessment schemes.27
Functional status prior to lower extremity bypass has
been previously used as an indicator of postoperative func-
tional outcome in patients undergoing lower extremity
bypass operations. Abou-Zamzam and colleagues exam-
ined the records of over 500 cases to determine the rela-
tionship between preoperative and postoperative living sit-
uation (independent or dependent) and ambulatory status
for patients undergoing infrainguinal bypass for limb sal-
vage indications. Multivariate analysis showed that preop-
erative living situation and ambulatory status was predictive
of outcome at 6 months, ie, 99% of survivors who lived
independently before the operation, continued to do so
after the surgery, whereas only 4% of survivors not living
independently before the surgery achieved independence
after the procedure.28
A more recent report by Taylor et al reviewed the
influence of preoperative medical and functional status on
postoperative outcomes in patients undergoing infraingui-
nal revascularization for critical limb ischemia in patients 80
years or older.16 This single institution report of 122 pa-
tients (57 open surgery; 65 angioplasty) categorized pa-
tients as either functionally ambulatory, homebound am-
bulatory or transfer only ambulatory. No bedridden or
nonambulatory patients were offered revascularization.
Analysis based on open vs endovascular intervention
showed a significantly worse overall and amputation free
survival for patients undergoing endovascular procedures at
36 months. It is important to note that only 38% of
functional ambulators were offered an endovascular option,
whereas 80% of transfer-only ambulators had angioplasty as
their revascularization procedure, indicating significant se-
lection bias. No attempt was made to control for baseline
comorbidities between the two groups. When looking at
the results stratified for preoperative functional status, there
was a statistically significant deterioration in outcomes (sur-
vival, amputation-free survival, and secondary patency)
with declining functional status at 36 months. Finally,
using a Cox proportional hazard model, patients who were
homebound ambulators prior to their procedures were two
times more likely to experience death by 36 months, and
patients who were transfer-only ambulators five times more
likely. Although preoperative functional status is clearly
shown to be predictive of outcome, the single institution
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does not lend itself to broad generalization of the findings
of this study.
Based partly on a previous report of the cost associated
with excessive morbidity, complications were categorized
as major, minor, and operative site complications.11 Our
study, based solely on 30-day outcomes from the NSQIP
database, identified dependent functional status as a predic-
tor of death even after controlling for preprocedural vari-
ables. The combined death rate for our study was 2.3%,
which is in the range of earlier published large series.7,8,22
Other variables that independently predicted death in our
cohort (age80 years, rest pain at presentation, emergency
surgery, and dialysis dependency) have been previously
identified as predictors of death in other large stud-
ies.8,22,29-31 When combined in a high-risk composite with
dependent functional status, dialysis dependency and emer-
gent presentation for surgery produced the strongest pre-
dictors of perioperative death (13 and 6.6-fold increase).
When all three were present, there was a 38-fold increase in
the incidence of death. Attempting as yet, less durable
therapeutic options such as endovascular procedures, or
foregoing revascularization altogether in favor of primary
amputation should be given consideration given the prohibi-
tive risk of death incurred by patients presenting with these
risk-factor combinations, although these therapeutic options
are not without significant morbidity and mortality.
The impact of complications on costs, long-term dis-
ability and functional outcome in patients undergoing
lower extremity revascularizations cannot be underesti-
mated. In an era of significant economic pressure, curbing
health care expenses has assumed prominence in the na-
tional spotlight.10 A report by Dimick et al showed that the
occurrence of major complications was associated with a
significant increase in hospital costs.11 As a sensitive indi-
cator of such, dependent functional status should immedi-
ately raise a major concern for the possibility of poor
outcomes. This uncomplicated preoperative determination
of a patient’s ability to perform activities of daily living
independently predicted the occurrence of major, major
systemic, operative site, and minor complications in pa-
tients undergoing lower extremity bypass operations.
Our data shows a 19.1% incidence of major complica-
tions, of which 13.7% were operative site and 5.4% major
systemic complications. This data is in line with the data we
reported previously from a more limited data-set (18.7%
incidence of major complications).9 Not surprisingly, ven-
tilator dependence prior to the procedure had by far the
greatest impact when combined with dependent status on
the incidence of major systemic complications. Major com-
plications have been shown to have a significant impact by
increasing hospital costs,16 and in this report occurred
more than twice as often in our dependent cohort. Major
complications include myocardial infarctions which oc-
curred in 0.8% of patients. This perioperative rate is lower
than that reported in other large series.8,32 Dependent
patients had a 1.4% incidence of perioperative myocardial
infarctions; double that of independent patients (0.7%).Operative site complications are an important contrib-
utor to higher hospital cost and a source of significant
morbidity for patients undergoing lower extremity bypass
operations. Our report includes graft thrombosis as part of
our operative site complications. It is, therefore, not sur-
prising that more distal tibial outflow predicted the occur-
rence of such complications and was the second highest
predictor after emergency presentation. This finding is
consistent with other NSQIP reports on infrainguinal by-
pass graft.33 Graft patency rates have been an important
component in the outcome analysis for lower extremity
bypass operations, if perhaps more so for the analysis of
long-term patency, which is not possible with the current
NSQIP data collection protocol. Previous reports have
documented successful outcomes after distal bypass opera-
tions with low (4.2%) 30-day thrombosis rates, severe
wound infection rates (2.0%), and a 6.6% rate of early
re-operation for bleeding, infection or thrombosis.13 This
study reported on the incidence infections requiring rein-
tervention. Accordingly, it is not surprising that our re-
ported rate of operative site complications in the nonde-
pendent cohort (12%) is somewhat higher, as it includes all
infections and transfusions for bleeding not necessarily
requiring reintervention. In dependent patients, the rate of
operative site complications increased to 21%, again show-
ing dependent status is a sensitive indicator of poor out-
comes in our cohort.
Dependent patients had a staggering (73%) rate of
minor complications, compared with only 10% in the non-
dependent cohort. Female sex predicted increased compli-
cations, a finding that has been detailed in other reports of
infrainguinal bypass.34 Although individually, minor com-
plications may not appear to add significantly to the in-
crease in hospital costs,11 as an aggregate they present a
major burden and reflect the susceptible nature of this
patient cohort.
There are several limitations in our study. First, our
analysis categorizes complications based partly on estab-
lished criteria. While this categorization makes intuitive
sense; however, it is somewhat arbitrary and different cate-
gorizations could be made which may affect our results. A
second shortcoming relates to the subjective nature of the
determination of dependent status. This is done by a
trained research nurse who is part of the NSQIP at each
institution. Patients are categorized based on their ability to
perform activities of daily living. As such, considerable
variability could be expected in the determination of de-
pendent status. Perhaps, a more objective scoring system
could be applied in the future to prospectively validate
these results and make it easier for them to be applied by
other non-NSQIP institutions. Our intent in this study was
to identify those variables that would have the highest
predictive value for the occurrence of complications when
combined with dependent functional status. Because of
this, the comorbidities used to generate our high-risk com-
posites were limited to those variables that on multivariate
analysis had P  .0005. This excluded some traditional,
well known variables that on multivariate analysis were
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analysis on the variables that were the strongest predictors
of morbidity and mortality.
In conclusion, this study details the utility of functional
status as a predictor of morbidity and mortality for patients
undergoing lower extremity bypass graft. Prospective vali-
dation of functional dependence, alone, or in combination
with other commonly measured preoperative variables
should be obtained.
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Dr G. Patrick Clagett (Dallas, Tex). Would you recommend
primary amputation in a patient who is functionally dependent and
has other markers for poor outcome such as increased P III score
and elevated CRP as we have heard from other papers this morn-
ing?
DrCrawford. I think that the impetus for this data or the way
that we would envision that this data would be used is that it would
not be a determining factor, or the ultimate factor in making that
decision. That decision needs to be made along with other clinical
factors. But I think it gives you data to back up not performing a
lower extremity bypass procedure if you decide to do that.
DrHasanDosluoglu (Buffalo, NY). I would like to point out
a weakness that I can see with this analysis. As you know, one of the
worst subjective parameters to collect in the NSQIP database is
the partially dependent, and dependent status. Actually you have
grouped partially dependent and dependent patients into one
group. When we were trying to subclassify ASA 3 patients who
underwent revascularization, which came out in the Journal of
Vascular Surgery last year, we struggled with the concept. The easy
thing to do was to actually look at the NSQIP, which I am from the
VA so which would be easy. We decided not to do that at the time
because of that unreliability and the fact that very few people – in
your series it is combined 18% – were in dependent and partially
dependent category. So, I do not know how it is going to really
help to differentiate risks in those patients in a meaningful manner.
We suggested that we should look at functional capacity rather
than just independent/dependent which is very, very subjective.
Dr Crawford. I think that the paper that you are alluding to,
has correctly identified that the categorization of patients by the
American Society of Anesthesiology is very subjective and there-
fore not particularly useful to classify vascular surgery patients.
There is subjectivity between different observers, even trained
anesthesiologists, which is why you went to the preoperative
variables that are in the NSQIP database and that is turned out to
be a better predictor of the outcomes. I think that if you see that
the dependent functional status determination as perhaps incon-
sistent and also subjective, that is one of the reasons we tried to
combine it with other preoperative variables, just like it was done in
the report that you are alluding to, to come up with high-risk
composites. So the odds of most of our complications and death
are increased by two- to threefold, if you look at it across the board,
by the addition of dependent functional status alone. It is really
when you start to add up other preoperative known variables that
are very easily obtained by clinicians before an operation that those
numbers start to stack up, and those numbers can be objectively
recorded before any procedure.
Dr JohnRicotta (Washington, DC). I wanted to follow onDr
Clagett’s question. I understand that I am asking you to speculate.
We have had a morning full of papers talking about prediction, and
we are in a socioeconomic situation where these data are either
going to have to be used or they are going to be no more than an
intellectual curiosity. Where are we going to go with these data in
terms of making some hard health care decisions? How comfort-
able are you with the data? What are some of the problems? Please
speculate on what the practical application of your conclusions,
because I think it highly likely that there data or similar data will be
used to guide health care policy decisions.
Dr Crawford. I think that that one can safely look at theimmediately should alert the clinician that this patient probably is
at increased risk for complications. If to that you add other known
variables, you come up with higher numbers. I think that what it
does is it adds data to a situation in which you are trying to justify
not performing one of these procedures. And that is the level to
which I am comfortable putting a practical application to this data
at this point.
Dr Daniel Clair (Cleveland, Ohio). This is probably a bit of
heresy, but the NSQIP data that you were evaluating does not
make a lot of sense, and I wonder about basing valid conclusions
on data that is questionable.
First, in this group of patients who are dependent, more than
a third of them had elective bypass procedures done for claudica-
tion, which I have some concern about. In addition, your overall
incidence of myocardial infarct – and if I am incorrect, please
correct me – was less than 10% in this patient population as well.
Those two points in particular are very troubling to me in terms of
utilizing this data and generalizing the conclusions that you are
making from them. I am just asking you to comment on both of
those things.
Dr Crawford. I do not know what data you are referring to
when you talk about the incidence of myocardial infarction and
how that invalidates conclusions from this report.
Dr Clair. It is simply that the incidence of coronary artery
disease in this patient population is usually much higher. You have
a much lower incidence documented in this patient population.
And the other is if there is a third of these patients who are
functionally dependent, who are having bypass grafting for claudi-
cation for noncritical limb ischemia? That makes me concerned
about the validity of the data that you are evaluating.
Dr LaMuraglia. The answer to that is that this data reflects
patients treated in a variety of institutions and that the data was
captured prospectively and has been validated. This is not data
from a clinical trial, but reflects every day practice. If you want to
look at patients who may have had some perioperative EKG
changes, it was up to the clinician to follow that up and try to
determine whether or not they had a myocardial infarction based
on their individual practice. There was no routine evaluation of
CPK and troponins.
The other issue you bring up is the number of patients
operated on with claudication who are not totally functionally
independent. This data is a reflection of cases done in academic
centers and in community hospitals and is a reflection of current
practice. These are not patients screened to meet a set of criteria
that are chosen for a prospective study and have inclusion/exclu-
sion criteria.
Dr Michael Conte (San Francisco, Calif). We have heard
three papers this morning trying to predict the outcomes of
patients getting lower extremity bypass and as coauthor of two of
these, I wanted to make two quick comments.
One is in follow-up to Dr Ricotta’s comment. All three of
these reports are retrospective analyses based on patients who
already had a procedure (bypass surgery) selected for them. We
should be very careful not to over-interpret these models to make
predictions, until they have been prospectively validated in all-
comers.
The second comment I would like to make is that we should
not just be thinking about the high-risk group in terms of their
suitability for revascularization. Rather the more relevant question
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outcome for these patients? Perhaps more intensive medical man-
agement in preparation for surgery, more intensive statin therapy
to lower their inflammatory state, etc. In other words, we should
be looking at these data to identify opportunities to improve the
outcomes from revascularization, not just to be nihilists.
DrWilliam Fry (Roanoke, Va). The details of the prospectivementioned in the discussion of the paper. When you show that
there is a 200-fold increase in risk in a certain group, health insurers
and legislators could use this information to deny care to these
groups, if we do not say something about how the data is incom-
plete. Have you looked at how to accomplish this goal?
Dr Crawford. I think we definitely need to validate these data
prospectively and that is why I was hesitant to make any furtheranalysis that needs to be done as a result of this study must be recommendations outside of what I did.
